for expression in Saccharomyces cerevisiae is given in Supplementary Information. TK2285 was amplified from the plasmid pET21a-TK2285, a kind gift from Dr. Haruyuki Atomi (1) .
In yeast, the plasmid pCA45(URA3) was used for expression of GST-tagged proteins (2) . The plasmid pCA82(TRP), which allows expression of N-terminally tagged proteins with GFP, was generated by replacing the URA3 cassette in pCA58 (2) with the TRP cassette from pYES3/CT, using SpeI and NotI restriction sites.
For expression in mammalian cells, the genes of interest were cloned into a pCMV-GST vector (3) using the SalI and NotI restriction sites, generating pCMV-GST-ITPK1.
Expression and purification of recombinant proteins
Recombinant proteins were obtained by expression in Escherichia coli BL21 upon induction with 1 mM IPTG for 4 hours in lysogeny broth media. Cells were harvested by centrifugation (5000g, 15 min, 20˚C). For His-tagged proteins, cells were resuspended in lysis buffer (20 mM Tris-HCl pH7.4 100 mM NaCl) and sonicated. The lysates were cleared by centrifugation (15000 g, 20 min, 4˚C).
The supernatant supplemented with 0.1% Triton X-100 final concentration was loaded onto IMAC columns (GE Healthcare). The column was washed with washing buffer (20 mM Tris-HCl pH7.4 500 M NaCl, 0.1% Triton X-100 25 mM imidazole) and the proteins were eluted with a discontinuous gradient of imidazole. For GST-tagged proteins, cells were resuspended in lysis buffer (PBS containing 5 mM DTT and protease inhibitors) and sonicated. The lysates was cleared by centrifugation (15000g, 20 min, 4˚C). The supernatant was loaded onto GSTrap HP columns (GE Healthcare) and eluted with a continuous gradient of 50 mM Tris-HCl pH 8.0 containing 5 mM DTT, 10 mM of reduced glutathione, and protease inhibitors.
In vitro kinase reactions
Recombinant proteins were incubated in reaction buffer (20 mM HEPES pH 6.8, 100 mM NaCl, 6 mM MgSO4, 1 mM DTT), in the presence of an ATP regeneration system (10U creatine phosphokinase, 5 mM phosphocreatine, 1 mM Mg-ATP). Reactions were started by adding 1 mM of substrate to the reaction. Inositol was from Fluka Biochemika, I(1)P1 was from Sigma-Aldrich, and I(3)P1 was from Cayman Chemicals.
For in vitro reactions using the recombinant archaeal myo-inositol kinase TK2285, the same reactions conditions were used. The substrate consisted of 2 µM of cold inositol and 0.5 µCi of [ 
Inorganic polyphosphate extraction
Cells were grown in SC-URA to logarithmic phase (OD600nm between 0.5 and 1.0) and harvested by centrifugation (2 min, 2000g) . The pellet was re-suspended in 250 µl of LETS buffer (0.1 M LiCl, 10 mM EDTA, 10 mM Tris, pH 8.0, 0.5% SDS) and mixed with an equal volume of acid phenol.
The cells were broken by vortexing (5 min, 4˚C) in the presence of glass beads. The insoluble material was removed by centrifugation (5 min, 15000g) and the aqueous phase was recovered and washed with 500 µl of chloroform. After centrifugation (1 min, 15000g) the supernatant was transferred to a new tube and precipitated by adding 2.5 volumes of 100% ethanol. Tubes were kept at least 2 hours at -80˚C. PolyP was recovered by centrifugation (10 min, 15000g) and resuspended in 50 µl of TE buffer. Co-extracted RNA was quantified by measuring the absorbance at 260 nm.
Alternatively, inorganic polyphosphate was extracted from the cells as described earlier (4) . Cells were grown as previously and 1 OD of the culture was centrifuged. Inorganic polyphosphate was extracted from the pellet by adding 50 µl of H2SO4 and vortexing for 10s. Then 50 µl of 2 M NaOH was added to the suspension before vortexing for 10s. Finally, 100 µl of 1M Tris/Malate pH 7.5 buffer was added and inorganic polyphosphate was purified using Qiagen PCR purification columns.
Quantification of inorganic polyphosphate
PolyP was estimated by measuring using a Malachite Green assay the amount of orthophosphate released on degradation by the exopolyphosphatase Ppx1. PolyP was incubated in the presence of 0.01 μg of Ppx1 in 5 mM Tris, pH 7.0, 0.15 mM MgCl2 for 90 min at 37˚C. Dilutions of the samples were mixed with the assay reagent (86 μl of 28 mM ammonium heptamolybdate in 2.1 M sulfuric acid and 64 μl of 0.76 mM Malachite Green in 0.35% polyvinyl alcohol) and incubated for 5 min at 22˚C. Absorbance was read at 600 nm using a microplate spectrophotometer. Samples values were corrected for background values (samples without Ppx1) and compared to a standard curve.
FM4-64 vacuolar staining
Yeast pre-cultures in stationary phase were used to inoculate SC-URA medium. Cells were grown overnight at 30˚C to logarithmic phase (OD600nm between 0.2 and 1.0). FM4-64 (N-(3-triethylammoniumpropyl)-4-(6-(4-(diethylamino) phenyl) hexatrienyl) pyridinium dibromide) was added at 10 µM final concentration from a 10 mM stock solution in DMSO. Membranes were labeled for 1 hour. Cells were washed (2 min, 2000g) three times in label-free medium and incubated in the same medium for 2 hours. Labeled membranes were observed using a Ultraview VOX microscope connected to a Hamamatsu C9100-13 EMCCD camera.
Western blotting
Proteins were extracted from logarithmically growing yeast cells using a rapid extraction procedure. Cell pellets were resuspended in 100 µM NaOH and incubated at room temperature for 5 min before centrifugation (16000g, 1 min). Proteins were extracted by boiling the cells for 5 min in 1x LDS sample buffer (Thermo Fisher Scientific). Insoluble material was removed by centrifugation as before and an equal volume of sample was loaded onto 4-12% NuPAGE gels (Thermo Fisher Scientific) before semi-dry transfer to PVDF membranes. Rabbit antibodies against glutathione-Stransferase (GST) were from Sigma-Aldrich (G7781). The rat monoclonal antibody against tubulin was from Abcam (ab6160).
Determination of nucleotide levels

Luciferase assay
Cells were grown overnight in SC-URA to logarithmic phase (OD600nm between 0.2 and 1.0). The equivalent of 1 OD of cells was harvested by centrifugation (2 min, 2000g). The pellet was resuspended in LETS buffer and mixed with an equal volume of acid phenol. Cells were lysed by vortexing in the presence of glass beads (5 min, 4˚C). The aqueous phase was recovered by centrifugation (5 min, 15000g), transferred to a fresh tube and washed with 500µl of chloroform (1 min, 15000g). The supernatant was collected and ATP was measured using a luciferineluciferase assay according to the manufacturer's instructions (Thermo Fisher Scientific).
HPLC analysis
For analysis of ATP, ADP and AMP by HPLC, cells were grown in 6 cm dishes and harvested by washing with cold PBS, scraping, and immediate quenching in cold 1 M perchloric acid. Samples were neutralized and nucleotides analyzed as previously described (5), using a Waters platform (Waters) with Zorbax Extend-C18 4,6X150mm column and Zorbax guard column (Agilent Technologies). Peaks were identified and quantified by comparison to spectra of standards (Sigma) acquired at the same time.
Homology modeling of ITPK1
Homology models for ITPK1 homologs, LcIKA, LcIKB, LcIKC, and ITPK1 from Arabidopsis thaliana and Dictyostelium discoideum were generated using the Phyre2 suite of tools (http://www.sbg.bio.ic.ac.uk/phyre2) (6). Models were evaluated and selected based on the alignment coverage and the sequence identity over the aligned sequences. In each case, either the human (2QB5) or the Entamoeba histolytica (1Z2P) structures were used as the template for the modeling. Pairwise sequence alignments between each ITPK1 homolog and the template used for modeling that homolog was performed using TCOFFEE (7). These pairwise alignments were merged using TCOFFEE-Combine. This alignment was used to model sequence conservation on the structures using ConSurf (http://consurf.tau.ac.il) (8) .
Statistical analysis
All statistical analysis aside from homology modeling was performed using GraphPad Prism (GraphPad Software). Data represent the mean and s.d. of at least 3 independent experiments.
For statistical analysis, two-tailed unpaired Student's t-test was used. Significant differences are shown as P<0.01 (**), P<0.001 (***), and P<0.0001 (****). n.s. stands for 'not significant'.
Densitometry analysis was performed using Fiji (9). 
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